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Abstract 

Aim: Metabolic syndrome (MetS) is characterized by a low-grade inflammatory condition that causes changes in noninvasive indices, namely the monocyte-to- 
high-density lipoprotein (HDL) ratio (MHR) and neutrophil-to-lymphocyte ratio (NLR), from which blood counts are derived. In our study, we aimed to evaluate 
systemic inflammatory markers in cases of MetS. 

Material and Methods: A retrospective analysis of a population of 156 subjects (88 control subjects and 68 MetS patients) was performed in this study. 
Patients followed in our hospital with the diagnosis of MetS between June 2018 and June 2021 were included in the study. Demographic data of the patients, 
such as age and gender, and vital signs, lipid profiles, and complete blood count results at admission were recorded and analyzed. 

Results: There were statistically significant differences between the MetS group and the control group in terms of age, gender, fasting blood glucose, hemoglobin, 
HDL, low-density lipoprotein (LDL), total cholesterol, triglycerides, white blood cell count, lymphocytes, and monocytes (p=0.008, p=0.024, p=0.001, p=0.022, 
p=0.034, p=0.001, p=0.001, p=0.001, p=0.001, and p=0.001, respectively). While the NLR was statistically significantly lower in the MetS group compared to 
the control group (p=0.001), the MHR was statistically significantly higher in the MetS group (p=0.001). There was a significant positive correlation between 
MetS and male gender, age, fasting blood glucose, white blood cell count, lymphocytes, monocytes, HDL, LDL, total cholesterol, triglycerides, MHR, and survival 
status. There was a significant negative correlation between MetS and NLR. There was a statistically significant difference in survival between the MetS group 
and the control group (p=0.019). Of all the patients included in this study, 16 (30.2%) patients in the MetS group and 9 (12.3%) in the control group died. The 
MHR was higher among deceased patients than survivors (p=0.001). 

Discussion: The MHR and NLR, which are inexpensive markers that can be calculated easily in all centers, can be used in the evaluation of MetS and mortality. 
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Introduction 

Metabolic syndrome (MetS) is asystemic condition characterized 
by a wide range of clinical features such as central obesity, 
hypertension, and impaired glucose and lipid homeostasis [1]. 
Various changes have been made to the definition of MetS 
over the last 20 years. In 2006, the International Diabetes 
Federation established some criteria to define MetS. These are 
fasting plasma glucose of =100 mg/dL (or drug therapy for high 
glucose), high-density lipoprotein (HDL) concentration of <40 
mg/dL in men or <50 mg/dL in women (or drug therapy for 
dyslipidemia), triglycerides of =150 mg/dL (or drug therapy for 
high triglycerides), waist circumference of >94 cm in men or 
>80 cm in women, and systolic arterial pressure of =130 mmHg 
or diastolic blood pressure of =85 mmHg (or antihypertensive 
therapy) [2]. 

MetS is characterized by a low-grade inflammatory state caused 
by increased cytokine, chemokine, and adipokine production and 
abnormal activation of immune cells that collectively contribute 
to atherosclerotic plaque formation and non-alcoholic fatty 
liver disease [3, 4]. 

Recently, subtypes of leukocyte ratios (neutrophil-to-lymphocyte 
ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to- 
monocyte ratio (LMR), and monocyte-to-HDL ratio (MHR)) have 
been recognized as markers of systemic inflammation [5]. In 
addition, various studies have stated that there are relationships 
between NLR, PLR, LMR, MHR, and cardiovascular diseases 
such as peripheral arterial occlusive disease, coronary artery 
diseases (including myocardial infarction), atrial fibrillation, and 
aortic changes, but the relationship with Mets is still not fully 
established [6-8]. HDL cholesterol, on the other hand, abolishes 
the proinflammatory and pro-oxidant effects of monocytes 
by inhibiting the migration of macrophages. Therefore, MHR 
may indicate a patient’s inflammatory state [9]. Previous 
studies have indicated that MHR may be a new cardiovascular 
prognostic marker [1-4, 10]. 

In our study, we aimed to evaluate systemic inflammatory 
markers in cases of MetS. 


Material and Methods 

This study was designed as a retrospective cohort study. Before 
the start of the study, the study protocol was approved by the 
local ethics committee of Medipol University hospital and the 
study was conducted in accordance with the ethical principles 
of the Declaration of Helsinki. A retrospective analysis of a 
population of 156 subjects (88 control subjects and 68 MetS 
patients) was performed. Patients followed in our hospital with 
the diagnosis of MetS between June 2018 and June 2021 were 
included in the study. Patient files were scanned through the 
hospital registry system, and patient data were retrospectively 
scanned and recorded. 

Demographic data such as age and gender, vital signs, complete 
blood count results at admission (hemoglobin, neutrophils, 
platelets, lymphocytes, monocytes), lipid profiles (triglycerides, 
HDL, LDL), and smoking status were recorded and analyzed. 
Correlations of the NLR and the MHR with MetS were analyzed. 
Statistical Analysis 

The data obtained in this study were analyzed using the 
statistical program SPSS 25 (IBM Corp., Armonk, NY, USA). 


Descriptive statistics such as frequency distribution, mean, 
and standard deviation were used to evaluate the data. The 
difference between the means of two independent groups was 
compared with the Student t-test. The Mann-Whitney U test, 
which is a nonparametric alternative to that test, was used 
when parametric test assumptions were not met. Descriptive 
statistics were expressed with odds ratios and 95% confidence 
intervals (Cis). Receiver operating characteristic (ROC) curve 
analysis was used to determine the cut-off point, the area under 
the curve (AUC), the sensitivity, and the specificity of the data. 
Categorical data were analyzed with chi-square or Fisher exact 
tests. Values of p<0.05 were considered statistically significant 
at the 95% Cl. 


Results 

There were statistically significant differences between the 
MetS group and the control group in terms of age, gender, 
fasting blood glucose, hemoglobin, HDL, LDL, total cholesterol, 
triglycerides, white blood cell count, lymphocytes, and 
monocytes (p=0.008, p=0.024, p=0.001, p=0.022, p=0.034, 
p=0.001, p=0.001, p=0.001, p=0.001, and p=0.001, respectively) 
(Table 1). While the NLR was statistically significantly lower in 
the MetS group compared to the control group (p=0.001), the 
MHR was statistically significantly higher in the MetS group 
(p=0.001) (Table 1). 


Table 1. Comparison of patients’ sociodemographic, clinical, 
and laboratory parameters 


Control Metabolic syndrome 
(n=73) (n=53) 
Parameters 
Mean:SD Mean:SD 
(min-max), n (%) (min-max), n (%) 
Age (years) 61.73+13.6 (31-87) 68.23+13.0 (34-91) 0.008* 
Gender 
Male 41 (56.2%) 19 (64.2%) 
0.024* 
Female 32 (43.8%) 34 (35.8) 
Smoking habit 20 (27.7%) 16 (30.2%) 0.735* 
Fasting blood sugar 103.96+11.8 184.40+51.9 a 
(mg/dL) (89-160) (89.0-346.0) : 
Hemoglobin (g/dL) 12.30+2.1 (7.5-17.0) 11.5141.8 (8.1-16.0) 0.022 
42.56411.2 35.57411.6 7 
HDL (mg/dL) (18.0-74.0) (20.0-79.0) O0ee 
84.99+26.3 136.06+41.6 
LIL (cogafelL) (50.0-122.0) (50.0-252.0) Oe 
151.98+25.3 211.09452.0 
Total cholesterol (mg/dL) (118.0-199.0) (106.2-338.0) 0.001 
; , 97.80+26.4 160.17+62.9 
Triglycerides (mg/dL) (61.0-155.0) (48.0-331.0) 0.001 
Albumin (g/dL) 3.40+0.5 (1.7-4.6) 3.41+0.6 (2.1-4.8) 0233" 
Leukocytes (103/L) 6.44+2.3 (1.0-12.7) 12.48+1.0 (4.8-45.7) 0.001 
Neutrophils (109/L) 6.70+1.8 (4.5-10.5) 7.85+5.8 (0.1-32.3) 0.128 
Lymphocytes (109/L) 1.21+0.4 (0.4-2.9) 3.75+5.2 (0.3-25.0) 0.001 
230.0+93.9 230.1+100.0 7 
Platelets (109/L) (95.0-521.0) (4.7-497.0) 0.990 
Monocytes (109/L) 0.47+0.20 (0.0-1.1) 1.09+1.5 (0.0-9.4) 0.001 
a lymphocyte 6.5443.4 (1.8-17.5) 4.52+5.7 (0.0-28.6) 0.001 
; 0.012+0.00 0.029+0.04 
Monocyte-to-HDL ratio (0.0-0.04) (0.0-03) 0.001 
Survival status 
Survivor 64 (87.7%) 37 (69.8%) 
0.019* 
Deceased 9 (12.3%) 16 (30.2%) 


*; Student t-test was used. HDL: High-density lipoprotein, 


LDL: low-density lipoprotein. 
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There was a Statistically significant difference in survival 
between the MetS group and the control group (p=0.019) (Table 
1). Of all patients included in this study, 16 (30.2%) patients in 
the MetS group and 9 (12.3%) in the control group died. The 
MHR was higher among deceased patients than survivors 
(p=0.001) (Table 1). 

There was a significant positive correlation between MetS 
and male gender, age, fasting blood glucose, leukocytes, 


Table 2. Correlation analysis between metabolic syndrome and 
other variables 


Correlation coefficient (r) 


Male gender 0.423** 0.000 
Age 0.461** 0.000 
Fasting blood sugar 0.525** 0.008 
Neutrophils 0.436** 0.018 
Lymphocytes 0.360** 0.023 
Monocytes OS Sie 0.000 
HDL 0.704** 0.002 
LDL 0.407** 0.000 
Total cholesterol 0.498** 0.000 
Triglycerides OS Si 0.000 
MHR O:7-72"* 0.004 
Survival status 0.680** 0.025 
NLR -0.607** 0.010 
ROC Curve 

Source 
of the 
Curve 

—— MHDL 
—NLR 


Sensitivity 
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Figure 2. Relationship between survival status and MHR 


lymphocytes, HDL, LDL, total cholesterol, 
triglycerides, MHR, and survival status. There was a significant 
negative correlation between MetS and NLR (Table 2). 
According to ROC analysis, MHR (AUC: 0.746, 95% Cl: 0.655- 
0.836, p=0.001) and NLR (AUC: 0.23, 95% Cl: 0.138-0.333, 
p=0.001) were prognostic factors for MetS (Figure 1). 

Of all patients included in this study, 16 (30.2%) patients in 
the MetS group and 9 (12.3%) in the control group died. The 
MHR was higher among deceased patients (0.041+0.01) than 
survivors (0.023+0.07) (p=0.001) (Figure 2). 


monocytes, 


Discussion 

In this study, we investigated the relationships of the obtained 
laboratory markers of MHR and NLR with MetS. MetS is a 
disease with significant morbidity and mortality, characterized 
by various risk factors such as central obesity, dyslipidemia, 
hypertension, hyperglycemia, and low-grade inflammatory 
state. Several studies have highlighted the role of inflammation 
in the development of MetS and atherosclerosis. The literature 
also suggests that the analysis of parameters that can be easily 
measured from peripheral complete blood count, such as NLR 
and MHR, could be useful in evaluating the chronic inflammatory 
state seen in MetS patients. 

Inflammation is the most commonly suggested mechanism 
to explain the relationship between MetS and hematological 
parameters. Inflammation plays a primary role in the 
pathophysiology of MetsS. In inflammatory diseases, the number 
of monocytes increases and HDL cholesterol levels decrease. 
Monocytes are a different type of leukocytes and they migrate 
to tissue macrophages and initiate inflammation. In previous 
studies, it was reported that the number of monocytes was 
associated with the prediction of coronary artery disease [11]. 
On the other hand, HDL cholesterol inhibits the activation 
of monocytes, inhibits the conversion of monocytes into 
macrophages, and reduces inflammation. Thus, the combination 
of these two parameters in the MHR is thought to represent 
inflammatory processes. This relationship between monocytes 
and HDL cholesterol has prompted researchers to investigate 
whether MHR is more effective than monocyte count or HDL 
cholesterol alone in predicting cardiovascular events. Kanbay 
et al. reported that MHR acts as an independent predictor 
for cardiovascular events and increases in parallel with the 
decrease in estimated glomerular filtration rate in patients with 
chronic kidney disease [12]. It has been suggested that MHR is 
associated with systemic infection and endothelial dysfunction 
and can be used as a new inflammation-based diagnostic and 
prognostic marker in cardiovascular diseases. In the study by 
Pamukcu and Aker, the MHR was associated with calcification 
of the mitral annulus [13]. Yilmaz et al. reported that in the 
follow-up of patients with angina pectoris who had undergone 
percutaneous coronary bare-metal stent implantation, high 
values of preintervention MHR were found to be closely 
associated with in-stent restenosis [14]. In addition, another 
recent study demonstrated a significant and independent 
association between MHR and saphenous vein graft disease in 
patients undergoing coronary bypass graft surgery [15]. In our 
study, the MHR was found to be statistically significantly higher 
in the MetS group compared to the control group and significant 
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positive correlations were found between MetS and male 
gender, age, fasting blood glucose, leukocytes, lymphocytes, 
monocytes, HDL, LDL, total cholesterol, triglycerides, MHR, 
and survival status. In ROC analysis, MHR was found to be a 
prognostic factor for MetS. In addition, 16 patients (30.2%) 
in the MetS group and 9 (12.3%) in the control group died 
among all patients included in this study. The MHR was higher 
among the deceased patients (0.041+0.01) than the survivors 
(0.023+0.07). 

The NLR has also been proposed as a surrogate marker for 
inflammation in different populations and it has prognostic 
and predictive value [1, 4, 10, 16]. Yue et al. reported the 
predictive value of the NLR in cases of diabetic retinopathy 
[17]. Additionally, in a study involving cases of acute pulmonary 
embolism, low NLR was found to be an independent predictor 
of in-hospital and short-term mortality [18]. NLR was also 
observed to be associated with vascular pathologies such 
as coronary artery and peripheral vascular diseases [19]. In 
another study, it was demonstrated that there was a significant 
negative correlation between coronary slow flow and NLR value 
[20]. In our study, the NLR was statistically significantly lower 
in the MetS group compared to the control group while there 
was a Significant negative correlation between MetS and NLR. 
In ROC analysis, the NLR was found to be a prognostic factor 
for MetS. 

This study has some limitations. It was designed as an 
observational, retrospective, and single-center study. In 
addition, repeating the MHR and NLR measurements at regular 
intervals would likely affect the results. We were unable to 
compare the MHR and NLR with other markers used in cases of 
MetS. More extensive studies are needed to further elucidate 
these relationships. 

Conclusion 

We suggest that the MHR and NLR, as inexpensive markers 
that can be easily calculated in all centers, can be used in the 
evaluation of MetS and mortality. The results of our study 
should be supported by multicenter and larger patient groups. 
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